Fried foods are the first to be consumed, because it is a quick preparation method and mainly because of the sensory characteristics that the frying process confers as flavor, smell, texture and color. The frying process involves physical changes such as weight loss by cooking, oil adsorption, changes in texture and chemical changes such as non-enzymatic browning reactions, which mainly depends on the color. Many of these changes are undesirable in fried foods, so a frying technique has been developed that allows reducing these changes while preserving the characteristics of food, such as vacuum frying, which thanks to the pressure to which the food is made. The process allows to reduce the frying temperature, since it reduces the absorption of oil that is normally used in conventional frying. The objective of this work was to analyze the percentages of weight loss and the qualitatively color of the carimañolas fried by means of the vacuum technique. For this, a non-random rotary compound central experimental design (DCC-R) with a factorial design of 22 and 13 experimental runs was used. Frying under vacuum reduces the weight loss by cooking in carimañola samples. It was shown to be directly proportional to the increase in temperature for a frying time.
Introduction
Carimañola is a traditional food of the Colombian Caribbean coast and it is elaborated mainly from cassava which is previously subjected to a cooking and grinding process until a dough is obtained, then sodium chloride is added and it is kneaded for five minutes, then it gives a cylindrical shape and an opening is left in the center to add ground meat or cheese, immediately fried in vegetable oil at high temperatures until it is completely golden [1] .
The frying process is defined as a process that allows the cooking of food, where oil is used as a liquid medium at high temperatures [2] . It is also considered a dehydration process that is directly influenced by the temperature, type of oil, heating time, nature and size of the food, in addition this transformation process involves a series of changes such as reduction of the moisture content, increase in the oil content, formation of a crust on the surface of the food, changes in aroma and flavor [3] . Additionally, this method of cooking is one of the preferred ones by consumers mainly because of the sensorial characteristics that this process provides, such as odor, flavor and crispy textures [4] . The main problem of the frying process is the absorption of oil, in this sense it seeks to develop techniques that allow obtaining fried foods that have the same sensory characteristics of traditionally fried products; for this purpose vacuum frying has been studied, which consists of immersing food in oil in a completely closed system to subatmospheric conditions that allows to lower the boiling point of water and also the frying temperature [5, 6] .
The frying process involves heat transfer and mass transfer phenomena simultaneously [7] . The loss of moisture through the rapid evaporation of the guide in the food is one of the most important processes of mass transfer that occur in the frying process [8] . Color is a quality parameter of fried foods and is a determining factor in consumer acceptance [8] . The golden color characteristic of most fried foods is affected by the process conditions, mainly time, temperature and type of oil, as well as by the characteristics of the product, and the previous storage conditions [7] , besides the color is affected by the chemical composition of the raw material and determines the processing capacity [9] . The application of lower temperature in vacuum frying allows to improve the color of fried foods [10] . The objective of this study was to determine the weight losses of coastal carimañola during vacuum frying.
Methodology

Raw Material
The mass of cassava was obtained from a commercialization company of masses, located in the municipality of Turbaco (Bolívar-Colombia). The ground meat and the ingredients for its preparation (onion, paprika and garlic) were supplied from the local supermarkets, as well as the oil (vegetable oil mixture).
Preparation of carimañolas
The mass was divided into units of approximately 60g using an analytical balance, then with the hands was given a cylinder shape and then with the fingers a hole was made where the ground meat was added and the opening was filled with the same mass
Frying process in vacuum
The frying process was carried out in a Gastrovac ® equipment (International Kitchen, Barcelona) with measurements: 40 × 26 × 46 cm, maximum capacity of 10.5 liters and voltage 220 V. A vacuum pressure of 30 Kpa was used, varying the temperature of 120 ° C, 130 ° C and 140 ° C, for times of 180s and 300s. Initially the oil was heated to a pre-determined temperature, the carimañolas were placed in the equipment rack suspended on the oil, closing the equipment at the same time completely, then the vacuum pump was turned on, the samples were left for a few seconds until the equipment will stabilize the pressure. When the equipment stabilized the pressure, the basket was lowered and immersed in the oil for a selected period of time, after which time the carimañolas were suspended again on the oil, the vacuum pump was turned off and the equipment was uncovered, after that samples were taken and left to rest in a desiccator. This process was carried out in a similar way as Torres et al., [11] .
Experimental design
For the frying process of carimañolas, a non-random rotatable composite central design (DCC-R) was used, which included a factorial design 22, increased by 4 axial points and 5 central points, for a total of 13 experimental runs. 
Weight loss
To determine the percentage of weight lost during the vacuum frying process, the method used by Pinedo [12] was used, which consisted of weighing the samples before (Po) and after (P1) the frying. The amount of weight lost was determined with the following equation 1:
Sensory color analysis
The color analysis was carried out qualitatively, visually comparing the different treatments with each other.
Statistic analysis
Weight loss measurements and color analysis were performed in triplicate in each treatment. All data were expressed as the average with its standard deviation. Statistical analysis was carried out with the Statgraphics Centurion program (version 16.2.04, StatPoint Technologies Inc., USA) through one-way ANOVA and the 5% HSD Tukey multiple comparisons test.
Results
In Table 2 , the weights of the carimañolas before and after the vacuum frying and the weight loss in grams and their respective percentages are shown in Figure 1 . It is observed that the change in the weight of the carimañolas during the process vacuum frying was influenced by the temperature and frying time, that is, a higher percentage of weight loss occurs at a higher temperature and frying time. When a high temperature was combined with a high period of time (T12), (140 °C and 300s) a percentage of weight loss of 21.08% was observed, on the contrary the T1 treatment provided the lowest percentage of loss (0.17%) since the lowest temperature (115.858 °C) and the shortest time (240s) were handled. But according to these results it was determined that the factor of greatest influence is the time, because when a temperature of 130 ° C and a time of 324,853s (T10) was used, the highest percentage of weight loss is evidenced (22.157%), while when the temperature was 144.142 °C and 240s (T13) the percentage of weight loss was 15.38%. It is shown that the percentage of weight loss is directly proportional to the increase in temperature for the same time of frying [13] , as evidenced in treatments T3 and T12, where temperatures of 120 were used. °C and 140 °C, with a constant time of 300s. The treatment T12 shows a loss of 21.08%, in contrast to 10.302% that loses T3, similar happens with the treatments T1 and T13 and the treatments T2 and T11. T1 T2 T3 T4 T5 T6 T7 T8 T9 T10 T11 T12 T13 % Weight
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A phenomenon that also influences the weight loss of food is shrinkage or shrinkage, which consists of the decrease of the volume of the food during the processing, due to the imbalance of pressure between the inside and the outside of the food, causing a contraction effort, known as shrinkage. The relevance of this phenomenon in food processing is given by its effect on the diffusion coefficient of the material, which influences the speed of drying and the transfer of matter [14] . The latter is crucial in the weight loss of fried foods, since the water available in the food evaporates and dissipates in the form of steam. Like the loss of weight, the color is given depending on the temperature and time of frying, but is affected mostly by time. In Figure 2 , it is evident that the treatments T10 and T12 are those that present a high accentuation of golden color, exactly a dark brown. These treatments were the ones that applied the longest frying time, varying the temperatures; This coloration occurs when foods undergo frying processes for a longer time, forming different compounds that affect the color [7] . T1  T2  T3  T4  T5   T6  T7  T8  T9   T10  T11 It is also considered according to Villamizar et al., [15] , that frying under vacuum accentuates the original color of the food, giving the snacks a more pleasant appearance, for which the treatments T1 and T2, in which it was applied lower temperature 115,858 ° C and 120 ° C respectively, for times of 240s and 180s the natural color of the carimañola was better preserved, because lower temperatures developed lighter colors [16] .
The color in fried foods depends more on the time and temperature of frying in combination with the chemical composition of the product, which gives the composition of the oil used in frying [16] . The characteristic color is also due to chemical reactions such as the non-enzymatic browning generated by the protein denaturation or the Maillard reaction, which gives the product a golden color appealing to the consumer. This reaction occurs through the interaction between amines (amino acids) and carbonyl groups, especially reducing sugars [17] during the heating, processing and storage of food [18] . The roots and tubers have high levels of reducing sugars, which promote the color changes of the food products that are made from this raw material. If the content of reducing sugars is low, a golden color of good quality will be obtained after the frying process, but if this content is high, it will produce a darker coloration, which leads to the product being unappeasable and possibly rejected by the consumers, seeing their flavor affected in these foods [16] . Cassava has components of the amino group (proteins) and reducing sugars, so carimañolas from the treatments that were performed at higher temperatures (T12 and T13) exhibit greater darkening because the non-enzymatic browning reactions are highly dependent on the temperature [19] . The treatments of T5, T6, T7, T8 and T9, presented a very similar coloration because these treatments were applied the same frying temperature (130 ° C) during the same time 240s. Both values were moderate for each parameter, which allows to have an adequate and provocative coloring in the frost-free carimañolas.
Conclusion
Frying under vacuum allowed to reduce the weight loss by cooking in the carimañola samples. It was shown that it is directly proportional to the increase in temperature for the same frying time.
The application of time and temperatures during frying under vacuum managed to preserve the characteristics of color, flavor and natural aroma of the product, which is sought in most processed foods, but for the effect of color in the carimañolas, low temperatures in vacuum frying it did not favor the formation of a golden coloration, desired in these types of foods.
Therefore it is recommended to use a frying temperature close to 130 ° C for 240s, for a pressure of 30 Kpa, which in addition to providing adequate coloration, presents a moderate weight loss for this product.
